Every connector generates visual, audible, and haptic signals during a mating process. However, if the signals are vague, a worker may misperceive the mating status and, consequently, it may result in the half engagement by aborting the process en route. An alternative to prevent the half engagement is to design a new connector (Kashiyama and Suzuki 2004; Kashiyama 1999; Kozono and Yamamoto 2005; Yagi et al. 1997) . However, these advanced connectors are often infeasible to replace existing connectors due to large insertion force, large volume, lack of compatibility, and high unit cost. Another alternative is to reinforce the assessment of connectors, hence to avoid the use of connectors that have a high probability of the half engagement. It requires quantification of the feeling of mating, but there is no generally acceptable measure for it. Kubota and Toi (2009) have proposed a deterministic assessment method for the feeling of mating. They considered three key factors; the maximum insertion force, the loudness level of the locking sound, and the force drop rate. In their method, an evaluator scored the amount of each factor according to pre-specified criteria, and then, they calculated the total score of the feeling of mating by summing the individual scores and adjusting workability scores. The total score was used as a measure of the possibility of the half engagement. Notwithstanding the pioneering work, their method has two severe weaknesses. First, they did not provide any empirical verification and validation, which are the most critical steps for developing an evaluation method. Second, the total score could be upside-down. The feeling of mating is not additive. In other words, a strong factor could give a clearer signal than several moderate factors do for complete mating. Thus, a simple summation of individual scores could not reflect this characteristic. The main objective of this paper is to propose an improved connector assessment methodology from the perspective of the half engagement prevention. We have adopted a probabilistic structure based on reliability theory and applied the logistic regression method as a scoring tool. Moreover, we have introduced two new evaluation factors to increase the accuracy of state detection: insertion force profile and visual detection devices. To obtain sufficient data, we have conducted extensive experiments with real automotive connectors. We have also verified and validated the performance of the proposed method via some parametric correlation analysis and nonparametric distance measures. This paper is organized as follows. In Section 2, the previous evaluation approach of Kubota and Toi (2009) has been introduced and discussed. Section 3 and Section 4 describe the detailed explanations of the two new additional factors and the probabilistic aggregation structure, respectively. Section 5 explains how to perform the extensive experiments and conduct logistic regression for each factor to obtain the probability of half engagement. The comparison of the performance of the proposed to the previous approach is carried out for the coefficients of correlation and nonparametric distance measures in Section 6. Finally, Section 7 states the discussion and conclusions of this paper. Kubota and Toi (2009) introduced a pioneering research for quantification of the feeling of mating. They considered three key factors, which are the maximum insertion force, the force drop rate, and the loudness of locking sound.
The connector evaluation approach of Kubota and Toi (2009)

 Maximum insertion force
A typical mating process consists of four phases: starting, sliding, releasing, and completion (Huang, Fukuda, and Matsuno 2008 ). An insertion force profile, as shown in Fig. 2 , is a temporal composition of those phases. In general, the insertion force is measured by a force gauge with a constant speed (50 mm/min) and a given sampling rate (200 Hz). The maximum insertion force ( ) is defined as the largest insertion force before completion, and the stroke length ( ) is defined as the length from the first 10 N point to . When a connector is mating, it generates a haptic signal at the worker's hand, the so-called feeling of force drop. It can be a sign of the completion of the connector mating. A variety of factors such as the diameter of the terminal, the number of terminals, the maximum insertion force, the magnitude of force drop, and the force drop rate, can affect the feeling of force drop. However, in our experiments, the only statistically important factor was the force drop. In the insertion force profile (Fig. 2) , the force drop ( ) is defined as the force gap between and the coming through, and the force drop rate ( ) is defined as the ratio of to , i.e. = / .
 Loudness of locking sound
When the locking part of the housing is mating, a clear locking sound is generated. During a mating operation, workers can recognize the completion of mating through the sound. The sound is clearer than the visual and the haptic signals. The visual detection is effective only when workers observe the appearance of the connector carefully. During the mating process, connectors are often invisible, and workers usually do not observe the connectors carefully. The haptic signal becomes dull if the worker is wearing thick gloves. On the other hand, the locking sound has no serious attenuation factors. Even under factory noise, the locking sound can be detectable by workers. Moreover, since the inter-housing mating comes after the inter-terminal mating, the occurance of the locking sound indicates that the full engagement is completed.
With above factors, Kubota and Toi (2009) have proposed the total score of feeling of mating of Eq. (1), where is the coefficient of stroke, is the insertion force base point, is the force drop point, is the audible feedback point, and ∝ is adjustable point related to workability, which are determined by the specified criteria in Table 1 . The insertion force point becomes larger as is shorter and is smaller, that is, the smaller the workload, the higher the score. The force drop point increases nonlinearly as the magnitude of the force drop rate increases. The audible feedback point becomes larger as the corresponding loudness level of locking sound increases. Lastly, the adjustable point ∝ is assigned 0, -1, or -2 points in consideration of the size of working space for hands, anchorage strength of the female connector, and visibility of the connector. For the detailed explanation, refer to Kubota and Toi (2009) .
The assessment system of Kubota and Toi (2009) has several drawbacks. First, they did not verify the effectiveness of the method with empirical data, which is critical when developing a new assessment method. They only suggested how to apply the procedure in practice without any empirical results. Second, the total score can be the opposite of the actual feeling of mating. Addition is not valid for the feeling. In other words, adding several types of faint feeling of matings does not give a certainty of the full engagement. For example, let us consider two connectors A and B with following values: 1) A: = 1, = 3, = 2, = 2, ∝ = 0, 2) B: = 1, = 1, = 1, = 4, ∝ = 0. The total score of the connector A is 7, and that of the B is 6. Therefore, we can conclude that the A provides better feeling of mating than the B does. However, in our experience, most operators sense that the feeling of mating of the B is better, because locking sound of the B is clearer than the A. Third, there is no explanation on how to determine the criteria in Table 1 . Since the criteria are critical to calculate the score of feeling of mating, clear and definite explanations are required. Forth, they considered the importance of factors equally. According to Table 1, the maximum value of the factors is the same. This means that the influence of each factor on the total score is the same.
We disagree with this and argue that the influence of each factor should be set differently. Finally, the meaning of the total score is ambiguous. The and ∝ are relevant to workability and the and are the factors related to feeling of mating. Since the two types of incompatible factors coexist in a single indicator, the application of the total score is limited.
Two new key factors
Through experimentation, we found that two factors overlooked by Kubota and Toi (2009) are critical to feeling of mating: insertion force profile and visual detection device. The details of these factors are as follow:
Insertion force profile
In Fig. 2 , we presented an insertion force profile of a standard connector. However, every connector has its innate profile. It varies depending on starting locations of terminal insertion, latch shape of housing, materials of terminals and housing, diameter and number of terminals, and type of connector. We have measured insertion force profiles of 76 actual automotive connectors and could classify them into four types as shown in Fig. 3 . Type I is a standard insertion force profile with a single peak. This type of connector obviously has a force drop. If the force drop rate is large enough, the worker can clearly feel the force drop in his hand during mating.

Type II
The insertion force profile of type II connector is similar to one of Type I connector, but has no peak. This type of profile frequently occurs on the connector with large frictional force. The diameter and the number of terminals are the main causes of the friction. Although the force drop rate is almost zero, this type of connector can still generate a faint feeling of the force drop.

Type III
Type III has dual peaks in the insertion force profile, in which the first peak should be higher than the second one. The first peak occurs due to sliding of the locking part in the housing and the second one due to insertion of terminals. Inertia-lock connector belongs to this type of connector, which is a special connector that enforces mating of terminals using the strong inertia generated by a locking part. If mating speed is fast enough, this type of profile is ideal because it induces full engagement. On the other hand, this type of connector can provide the worker with a fake signal of complete engagement because it generates the force drops twice. In addition, its large maximum insertion force makes the worker more fatigued.

Type IV
Type IV has two peaks like the type III, but the second peak is lower than the first one. The insertion of terminals makes the first peak, and sliding of locking part in housing generates the second. This type of connector has the greatest probability of half engagement because force drop occurs twice regardless of the mating speed.
Visual detection device
The visual detection device is an indicator that provides a visual signal of completion of mating. The devices include a guideline, housing hole, and color difference. These visual detection devices have not traditionally been considered because workers do not observe carefully those during mating process. Nonetheless, through education, these devices can give workers additional confidence in the completion of secure mating. Fig. 4-a) . The original purpose of this device is to securely fasten the terminal to the housing, but as shown in the figure, it can also be used to confirm the engagement state. The housing hole is a hole in the female connector as shown in Fig. 4-b) . If observation of the worker is ensured, it can also be used as an auxiliary signal to confirm the engagement state of the connector. The color difference between male and female connectors of Fig. 4 -c) can also increase the possibility of detecting half engagement. The effectiveness of the devices will be verified in detail in Section 5.1.
The proposed probabilistic evaluation approach
This section explains a new connector assessment approach to quantify the probability of full engagement. Instead of a simple summation of sub-scores, we employed a probabilistic relationship among the factors. The feeling of mating consists of factors that represent auditory, visual, and tactile feelings, which are visual detection devices, locking sounds, and force drops, respectively. The measure of feeling of mating is the probability of perception of complete engagement (full engagement state). Since the metric is probability, the effect of each factor on the perception probability is not additive. One sufficiently strong factor contributes more to the perception probability than several medium magnitude factors. This probabilistic relationship can be interpreted as a parallel structure of reliability theory (Kuo and Zuo 2003; Elsayed 2012) . Fig. 5 is a reliability block diagram showing the probabilistic relationship between the three components of feeling of mating (Lee and Ha 2014) . Throughout this paper, we assume the following assumptions: 1) the connector has only two mating states, the full and the half engagements; 2) the failed engagement only occurs from defects of the connector; 3) there is no follow-up activities after detecting a half engagement; 4) the occurrence of locking sound or force drop imply completion of engagement. The perception probability of complete engagement can be calculated by the Eq. (2), where is a visibility coefficient which is 1 if the connector under mating is visible to a worker without any special working postures such as bending, leaning, and turning, otherwise, 0; is the probability of distinguishing an engagement status correctly through the visual detection devices;
is the perception probability of the locking sound; is the perception probability of the force drop. The should be accompanied by the type of insertion force profile defined in Section 3 due to their relevancy.
The of an ordinary connector is normally very close to one, so the value is indiscriminative. To increase sensitivity, we recommend a sigma level of , which is a popular measure in Six Sigma (Pyzdek and Keller 2014) . The measure is familiar to practitioners, so more practical than probability. The sigma level of , i.e. can be calculated by the Eq. (3), where Φ −1 (•) denotes the inverse function of the cumulative Standard Normal distribution.
Since low (≤ 0.5) implies quite faint feeling of mating, we assume that should be larger than 0.5, i.e., is positive.
The proposed probabilistic assessment has several advantages over the previous one. First, it is flexible. Even if a factor is added or removed, there is no need to change the evaluation system itself. For example, suppose further consideration of workability factors. Not enough hand space and uncomfortable working posture prevent worker from mating connector. Those can decrease the probability of complete engagement despite high . These factors are not complementary and independent, so they are linked to the existing assessment structure as series, as shown in Fig. 6 . Then, the probability of complete engagement should be modified as the Eq. (4), where ℎ and are the probability of complete engagement owing to the hand space and the posture, respectively. Despite the change of the equation, since the measure is still probability and the range and the value are retained, further steps in the following sections ca n be applied without loss of generality. Second, the proposed approach can automatically adjust importance of the factors. As we mentioned in Section 2, the importance of each factor is not equal. Since the proposed assessment measures and estimates each factor as probability, the importance is adjusted when the is calculated. Third, the proposed assessment provides continuous value within the range of 0 to 1 as a result because the metric is continuous. On the other hand, the final score of Kubota and Toi (2009) is a positive integer. The continuous result can improve the precision and sensitivity of the assessment. Finally, the proposed assessment is also helpful to optimize and improve the connector design. Suppose that a connector designer has several alternatives for the visual detection devices, sound pressure level of locking sound, and insertion force profile in a connector design. Then, finding the optimal combination of the alternatives to maximize the under a specified volume and cost constraints is a well-known reliability allocation problem (Ha and Kuo 2008; Kuo and Zuo 2003) .
Estimation of factor probability
To apply the proposed approach, we should determine the parameters and probabilities of factors ( , , , , , ) . Extensive experiments have been conducted to obtain empirical data of actual connectors, then performed binary logistic regression analyses to estimate the probabilities (Menard 2002) . The ordinary regression is inappropriate to our model because the dependent variables are dichotomous, i.e. success or failure of perception.
Logistic regression analysis for the visual detection devices
A series of experiments has been performed to measure the perception probability of three visual detection devices. We prepared 10 distinct connectors with the guideline, housing hole, and color difference. Each connector was set into two states, full and half engagements, as shown in the Fig. 4 . Then, 30 appraisers are inquired to judge intuitively the engagement status in 3 seconds for each sample in a random order. Thus, total 60 trials for each connector have been conducted. Responses from appraisers fall into one of four categories, which are full to full (full engagement state to full engagement decision), full to half, half to full, and half to half. We regarded the success of perception as the right judgment, i.e. full to full and half to half. In preliminary logistic regression analysis, the color difference is not statistically significant, so we exclude it. Table 2 shows the final result of logistic regression analysis for the visual detection devices of the guideline and the housing hole. Table 2 . Logistic regression analysis for visual detection devices after omitting color difference Systems, and Manufacturing, Vol.11, No.5 (2017) Significance: ** < 0.01; * < 0.1
In indicate that the visual detection devices are not confident factors. Only 62% of the response variable variation can be explained by the logistic model. However, it is clear that the visual detection devices affect the perception probability of complete engagement. In addition, as described in Section 4, the proposed stochastic evaluation system automatically adjusts the importance, which can be applied to the evaluation of the feeling of mating to increase accuracy.
Logistic regression analysis for the locking sound
We performed a series of experiments for a total 18 appraisers to estimate the perception probability for locking sound. The depends on the loudness, frequency, timbre, and noise level of circumstance. In this paper, however, we limit our scope only on the loudness level and the noise level due to the limited instrument. The noise can disrupt perception of the locking sound. The procedure of experiments is as follows: First, the recorded factory noise of 80 dB, which is a standard level of common factories, is generated using surround speakers. Next, a group of blinded appraisers stand backward every 30 cm around the center speaker. Then, a set of recorded locking sounds from 55 dB to 66 dB are exposed. Finally, response data from all appraisers about the successes or failures of perception are collected and a logistic regression is performed with the data. The results are summarized in Table 3.   Table 3 . Logistic regression analysis for locking sound Significance: ** < 0.01
In Table 3 , the p-value of the locking sound for the Chi-squared test is less than 0.01, so it is statistically significant with 99% significance level. The estimate indicates that a unit (dB) increase of locking sound improves the log odds of as 1.4624. The residual deviance implies that the model including the locking sound fits much better than the NULL model. Finally, we can build the logistic model in Eq. (6) for locking sound, where is the sound pressure level (dB) of locking sound for a connector. Both of the McFadden-2 and the Cragg & Uhler-2 are almost to one. It implies that the logistic model accurately describes the data. Fig. 7 shows the scatter plot between the perception probability and the sound pressure level of locking sound, and the logistic regression line by Eq. (6). 
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Logistic regression analysis for the force drop
As mentioned earlier, there are four types of insertion force profiles: Type I, II, III, and IV. However, we were forced to exclude the Type II, III, and IV connectors from this experiment. Since the Type II connectors have zero force drop rate, there is no distinct relevance between the force drop rate and the feeling of force drop. The Type III and IV connectors could generate fake feeling caused by the dual force drops, so it can lead to an incorrect conclusion. The experiment proceeded as follows. We have prepared 10 distinct Type I connectors for each of five, i.e. total 50 connectors. The 20 evaluators wore a blindfold, gloves, and earplugs to avoid exogenous effects. In each experiment, we randomly selected 20 connectors and tagged a number to each connector. Then, every tester gauges whether the feeling of force drop existed or not during mating operations. Each evaluator repeated this step five times in random order. Finally, the success or failure of detection for the feeling of force drop was recorded. We measured the force drop rate of each connector by a force gage under the speed of 50 mm/min and 200 Hz sampling rate. The scatter plot of Fig.  8 (left side) shows the correlation of the force drop rate and the success ratio of perception. In the figure, the correlation seems to be weak and the variance of the feeling of force drop is large on even same connector.
Throughout extensive experimentation, we could recognize another factor, the sealing, affecting the feeling of force drop. A sealing connector is a special connector applied for oil or waterproof circumstance. If we separate the connectors into two groups according to sealing, we can draw another scatter plot of Fig. 8 (right side) . In the figure, the black circles represent non-sealing connectors, and the white triangles represent sealing connectors. The correlation is effective to only non-sealing connectors. We also found that the variance of the force drop rate is relatively large in even the same model of connectors. The force drop rate changes whenever a mating operation is conducted. It comes from the wearing out of the terminals and the locking part. We measured the insertion force after finishing the above tests owing to a limited number of samples. It causes the significant variance of the force drop rate. Finally, with the collected data, we performed a logistic regression analysis and illustrated the results in Table 4 . Table 4 . Logistic regression analysis for feeling of force drop Significance: ** < 0.01
In Table 4 , the both p-values of the force drop rate and the sealing status for the Chi-squared test are less than 0.01. Thus, we can conclude that those factors are statistically significant under 99% significance level. The estimates indicate that a unit increase in force drop rate improves the log odds of the perception probability as 1.1746, while application of sealing decreases it as 0.9259. The residual deviance represents that the force drop rate and the sealing status significantly increase the goodness of fit of the model. The final logistic regression model is depicted in Eq. (7), where is the force drop rate of a connector; is a Boolean variable, which is 1 if sealing exists, otherwise, 0. The McFadden-2 is 0.5571 and the Cragg & Uhler-2 is 1.0000. Those imply that the proposed logistic model explains the variance of the data quite well. The two lines of Fig. 7 (right-side) show the logistic regression lines by Eq.
.
Verification of evaluation approaches
Overall verification procedure
It is very difficult to measure the feeling of mating as a ratio scale since it is vague and personal difference affects it. Therefore, the following procedure is employed to show the effectiveness of our evaluation approach: I  24  13  11  0  6  II  9  7  2  0  2  III  0  0  0  0  0  IV  5  3  2  0  3 1) We prepared 38 distinct connectors as shown in Table 5 . Then, with all connectors, the following parameters are measured: maximum insertion force, insertion force profile, stroke length, force drop rate, and sound pressure level of locking sound. 2) Evaluators have been informed of the purpose, terminologies, and evaluation factors of our experiment. 3) A factory noise up to 80dB is generated using surround speakers. 4) According to the feeling of mating, each evaluator tested and categorized the level of feeling of mating into 5 groups and determined the rank of all connector models. The levels and the ranks are reversely coded. 5) The average level and average rank of the feeling of mating for each connector were calculated. 6) By using the average values, the total score by Kubota and Toi (2009) and the sigma level of our proposed approach were calculated.
In this experiment, the evaluators were randomly selected from among the students who participated in the previous experiments. They have a good understanding of the purpose and process of the experiment so that the reliability of the evaluation can be increased. The profiles of the evaluators are summarized in Table 6 . We assumed that all workability factors such as hand space, counterpart stiffness, and visibility are in perfect condition. 
Rank Correlation among Evaluators
Firstly, we investigated the Spearman's coefficient of rank correlation to examine the difference among evaluators. The results are summarized in Table 7 . According to the correlation analysis, Evaluator 1 has an entirely different standpoint compared to others. The Evaluators 2, 3, 4, and 5 felt similarly regarding the feeling of mating, but the correlation is not that strong. These results imply that the feeling of mating depends on the worker, so large variances are inevitable. 
Relationship between the average level and the average rank
The level of feeling of mating is an interval variable, but the rank of the feeling of mating is an ordinal variable; hence it is inappropriate to apply the Pearson's correlation analysis directly. The average values for two variables, however, can have proper properties for it. Fig. 9 shows the scatter plot and the linear regression line for the two averaged variables. Those are linearly correlated. R-squared value is 0.947. The p-value for the residuals of Shapiro-Wilk normality test is 0.6524, i.e. normally distributed. Therefore, we can conclude that the average rank of the feeling of mating can be used as a variable for further analysis. 
Pearson's correlation coefficient
To demonstrate the effectiveness of our approach, we conducted Pearson's correlation analyses between the average rank of the feeling of mating and the total score of the Kubota and Toi (2009)'s system (KT), or the sigma level of our proposed system (HJO) with four different cases (Case A, B, C and D). The case A evaluates all 38 connectors with ignoring type II, III, and IV while the case B considers all connector profiles. In the case C, only type I connectors are evaluated and the case D only considers 13 normal (or non-sealing) type I connectors.
 Case A
In Case A, we counted on all 38 connectors for evaluation. However, our opinion on the profile type II, III, and IV connectors is very pessimistic due to their weak correlation or fake feeling of force drop, so the force drop factor of insertion force profile types II, III, and IV were not considered by setting as [1, 0, 0, 0] in Eq. (2). Fig. 10 shows the scatter plots and the linear regression lines. The correlation coefficient of HJO ( ) is 0.2952 and KT ( ) is 0.1903. The correlation of HJO to the average rank of feeling of mating is a little strong than one of KT, but both are yet weak. Note that the feeling of mating is not measurable because it heavily depends on the perception of a person. Thus, it is very natural that the coefficient is a little low. Therefore, in the following, according to social science decision rule of thumb, we will judge that the correlation is strong if the correlation coefficient is larger than 0.5, moderate if it is between 0.3 and 0.5, and weak otherwise (Cohen 1988) . In fact, the feeling of force drop exists even if the connector has a zero force drop rate or a dual force drop. As mentioned in Section 3.1, Type III connectors are designed to increase the likelihood of complete engagement, so the feeling of force drop is the strongest if only the mating speed is sufficient. In Case A, we excluded the force drop factor of related connectors because such characteristics could cause half engagement, but in Case B, we included the force drop factor of all types to observe their effects. In Case B, increases to 0.4615. The value is much larger than one in Case A. However, is the same because it does not consider the insertion force profile. This result implies that HJO is more useful if some parameter is adjusted even for Types II, III, and IV. This case is designed to conclude our experiments. We excluded the connectors of Types II, III, IV or sealing connectors to eliminate all known exogenous factors. Fig. 13 shows the scatter plots and the linear regression lines. For the 13 selected connectors, is 0.4925, which is a little higher than that of Case B but similar to that of Case C. It implies that the logistic regression model in Section 5.3 is effective. The is also slightly improved as 0.2813. All results are summarized in Table 8 . Throughout the correlation analyses, we could conclude that HJO is an appropriate connector evaluation approach with reasonable sensitivity. On the other hand, KT is not suitable as an assessment tool because the correlation coefficients are low values for all scenarios.
Nonparametric Distance measures
Although we performed linearity and normality tests, it can be issued to use the average rank of the feeling of mating as a variable for Spearman's correlation analysis. In this section, we have cross-checked the superiority of our approach with nonparametric distance measures. If a variable is not in interval or ratio scale and normality is not guaranteed, a nonparametric analysis is preferred. For the purpose, we also verified our approach via nonparametric distance measures (Ok, Lee, and Kumara 2014) such as Spearman's Footrule (D1), Euclidean Distance (D2), Spearman's Rho (D3), Kendall's Tau (D4), and Probabilistic Distance (D5). The distances are calculated from the rank of each evaluator directly. For tied rank, we applied the correction of Becker et al. (1988) instead of the formula in Ok et al. (2014) . The calculated distances are summarized in Table 9 . The average distances of HJO are smaller than those of KT in all cases except D2. It implies the approach HJO is more appropriate to evaluate feeling of mating as above correlation analysis. 
Discussions and Conclusions
Through this study, we developed a probabilistic assessment system to quantify the feeling of mating of connectors and verified the accuracy of the assessment using actual electronic connectors. Since the proposed assessment system can express the possibility of half engagement with probability, it helps to make a more reasonable decision than the existing simple assessment system. Through this assessment system, the connectors can be filtered in the design phase prior to mass production. Also, since the magnitude of the influence of each design element change on the feeling of mating can be calculated numerically, a direction for improving the connector can be suggested. As a result of the empirical test, the proposed assessment system proved to be suitable for measuring the feeling of mating.
Some of the issues discussed in this study are as follows. First, the correlation between the feeling of force drop and the feeling of mating was not critical. This is significantly different from what we expected at the start of the study. The feeling of force drop is determined by various factors such as the magnitude of the force drop, the force drop rate, the maximum insertion force, the stroke length, and the structure and material of the connector. We have attempted to find a strong correlation between these various factors or their combinations and the feeling of force drop or feeling of mating. However, there were no statistically significant correlations among the measurable factors except the force drop rate. If the relationship between these variables is revealed through additional experiments and data, we expect to build a more reliable assessment system. Second, the connector's locking sound has a different tone depending on the combination of loudness, frequency, and timbre. Some locking sounds sound more vivid despite large circumstance noise. We have tried to clarify the relationship between them through the frequency analysis of the collected locking sounds. However, due to the low resolution of the detection equipment and the lack of knowledge and time, no significant results were obtained other than loudness. If further study is possible, it is very likely to reveal a meaningful relationship between them. Third, visual detection devices are only valid if the worker observes carefully during the mating operation. They allow the worker to be assured that the connector is in full engagement. However, since they are mostly small in size, they require additional observation. Visual detection generally plays a key role in inspection. Therefore, adding a device that allows the worker to easily identify the full engagement on the connector can have a positive effect.
The probabilistic evaluation system proposed in this study can easily add new factors while maintaining the relationship structure and evaluation structure of existing factors. The above discussions can be further improved through design, experimentation, analysis, and modeling. Future studies are planned to build a more reliable assessment system by adding these factors.
